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and a moving pointer display. Experiment I examined reading performance using the moving 
scale and moving pointer displays. The results of this experiment, in which the moving 
scale yielded superior performance, provided baseline data with which to judge future 
performance and also enabled a judicious choice of exposure durations for the subsequent 
experiments. In Experiment II the Brown-Peterson paradigm with varied retention interval: 
was used to examine the short-term memory for quantitative information from the three 
kinds of displays. In general, the digital counter yielded the best recall performance, 
followed by the moving pointer and moving scale displays in that order. Analysis of the 
obtained recall errors suggested that when Ss were attempting to recall information from 
the moving pointer display, they were able to augment the verbal information in memory 
with non-verbal pointer position information. Experiments III and IV were between- and 
within-subjects designs which tested this hypothesis using the Brown-Peterson paradigm 
with two different interpolated tasks, one of which interfered with the retention of 
verbal information and the other which interfered with the retention of both verbal and 
non-verbal information. The differences in error patterns obtained in Experiment II be- 
tween the moving pointer and moving scale displays were again obtained when the inter- ' 
pclated activity was considered to be causing only verbal Interference. However, this 
difference was abolished or considerably lessened when the interpolated activity was one 
that interfered with both verbal and non-verbal memory. Thus there was support for the 
hypothesis that Ss are able to utilize both non-verbal and verbal information in the 
recall of quantitative information from a moving pointer display 
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ABSTRACT 

A series of four experiments was conducted to investigate whether 

the nature of a visual display affects short-term memory for numeric 
information extracted from the display. Three differents kinds of dis- 
plays were chosen for study; a digital counter, a moving scale and a 
moving pointer display.  In Experiment I reading performance was examined 
using the moving scale and moving pointer displays. The results of 
this experiment, in which the moving scale yielded superior performance, 
provided baseline data with which to judge future performance and also 
enabled a judicious choice of exposure durations for the subsequent 
experiments.  In Experiment II the Brown-Peterson paradigm with varied 
retention intervals was used to examine the short-term memory for 
quantitative information from the three kinds of displays.  In general, 
the digital counter yielded the best recall performance, followed by 
the moving pointer and moving scale displays in that order. An analysis 
of the recall errors obtained suggested that when Ss were attempting to 
recall information from the moving pointer display, they were able to 
augment the verbal information in memory with non-verbal pointer position 
information. Experiments III and IV were between- and within-subjects 
designs which tested this hypothesis using the Brown-Peterson paradigm 
with two different interpolated tasks, one of which interfered with the 
retention of verbal information and the other which interfered with the 
retention of both verbal and non-verbal information. The differences 
in error patterns which were obtained in Experiment II between the moving 
pointer and moving scale displays were again obtained when the interpolated 
activity was considered to be causing only verbal interference.  However, 
this difference was abolished or considerably lessened when the inter- 
polated activity was one that interfered with both verbal and non-verbal 
memory. Thus there was support for the hypothesis that Ss are able to 
utilize both non-verbal and verbal information in the recall of quan- 
titative information from a moving pointer display. 

vii 



CHAPTER  I 

iMTRODyrrio» 

Many man-iaachino systsms Ineorpordie visoii infer«)»«t«n 4l§|»läyg 

from which the operator esust read off infomatlon j-«^wli'«"J <to nidintain 

successful operation of the nachine.  In ctäny äyetetüs the operator 

must make a substantial nuiaber of quantitative readings !ru~ n?^. g^«« 

display. Thus the question of which type of display to us« in a particular 

system is an extremely important one, for each type of display ha.» its own 

distinct advantages and disadvantages. Since World Mar 11 s«uch research 

has been directed towards evaluating visual displays and trying to de- 

termine for which systems one display is superior to another. One 

approach to this problem has been to examine reading performance using 

different types of displays. Two main measures have been used: 

a) The accuracy with which a display can be read and b) The speed of 

reading the display in terms of reaction or response times. Various 

investigators (Sleight, 19U8; Christensen, 1952; Elkin, 1959) have 

evaluated displays using this method and they tend to concur in finding 

that for both speed and accuracy, reading a moving scale display yielded 

superior performance to reading a moving pointer display. While these 

methods provide an indication of how much processing is required to 

read a particular display, they only tell one side cf the story as they 

consider the reader as little more than an optical scanner.  In order 

to make more realistic evaluations of visual displays, it is preferable 

to devise methods of investigation in which man is more actively processing 
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the information rather than merely reading it off the display and doing 

nothing with it. This limitation in previous studies was mentioned by 

Graham (195U) [as cited in Rolfe (1965)] who discussed some of the 

reading experiments and then noted that 

". . .The criteria of good design employed were the speed 
and accuracy with which the subjects could read the display. 
This howevep is only one half of the problem. Very often 
the operator has to translate what he sees into an 
appropriate action." 

Clearly it is not sufficient to use only the very simplest task to 

evaluate a display that is part of a system. Since the display is an 

element of the system it is highly likely that the information that is 

extracted from the display will be used subsequently in system operations. 

One thing lacking in many of the early studies was the failure to consider 

the fate of the information after it had been ruad off the displays. 

Once the Information is read off the display it is retained in the 

short-term memory of the system operator where it may remain available 

for subsequent use. The question which the present program of research 

attempted to answer was "How, if at all« is short-term memory for 

quantitative information dependent upon the type of display from which 

it comes?" From a practical standpoint, information on how well readings 

are remembered is valuable because a machine operator must often read 

a display, store the information, and use it at some later stage in 

operations. Consider the case in which the operator reads off the 

oil pressure at the start of an operation. Towards the end of the 

operation he reads the pressure again in an attempt to determine to 

what extent the pressure has changed as a result of the system's operations. 

^■^^^'^mmiimmmmm^^m i'i.v,i. 



In order ro find out what the change is, he must retain the first reading 

in his memory so that he is able to compare it with the subsequent 

reading and ascertain the magnitude of the change. The navigator of an 

aircraft might similarly resort to his short-term memory in trying to 

reconstruct the routing of the airplane at some later stage in flight 

operations. Since the information extracted from a display is used 

in the operation of the system it becomes important to examine the 

retention of information read off a display.  It is necessary to 

ascertain whether there are differences in the accuracy of recall from 

display to display and in the event of recall errors, the nature of 

these errors. 

In considering whether there might be differences, both qualitative 

and quantitative, in the memory for information from different kinds of 

displays, it is interesting to examine the ways in which the displays 

differ and how such differences might manifest themselves in memory. 

Elkin (1959) has demonstrated that for qualitative reading in which 

less precision is required, performance with a moving pointer display 

is superior to that with a moving scale display because even a glance 

at the moving pointer display tells the reader roughly the value of 

the reading. This difference between the two displays is also evident 

in the error profiles obtained with readings from brief exposures. 

The errors made when reading a moving pointer instrument are usually 

small, e.g., the final digit is misread; while large errors are more 

frequent in reading a moving scale display. Clearly the existence of 

a pointer position is a physical difference between the moving pointer 

.i;i:irAi'~^-
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and the moving scale displays that has the potential for conveying 

additional information.  It was considered possible that the pointer 

position information present in the moving pointer display, could be 

used by system operators to augment the verbal information in retention 

of the display reading. Recently a growing body of experimental evidence 

has accumulated which suggests the possibility of different memory 

stores for verbal and non-verbal material or at least different forms 

of stimulus encoding. Margrain (1967) presented pairs of digits, one 

aurally (verbal), one visually, for recall, and reasoned that if all 

incoming information was stored verbally, then input modality should 

cause no differences, and also that interpolated tasks using different 

modalities should not have differential effects depending on stimulus 

modality. However, she found that the retroactive interference due to 

the Interpolated task was modality specific and explained her results 

in terms of two different and independent short-term stores, one visual 

and the other acoustic. Her results cannot easily be accommodated within 

the theories of short-term memory that maintain that the stimulus, whether 

presented visually or aurally, is encoded in some verbal or acoustic 

form shortly after presentation. The claim that her results are evidence 

for modality-specific storage is perhaps better stated less strongly as 

demonstrating the possibility of non-verbal encoding in short-term memory. 

The experimental approach utilizing material from various modalities and 

drawing conclusions based on how such material interferes with memory 

has also been used by Brooks (1968). He presented data which support 

the hypothesis that verbal and visual (or what he calls "spatial") 
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information are processed in distinct modality-specific manners. He 

required Ss to signal information about previously memorized material 

in one of two ways, either by speaking or by using spatially monitored 

output. The material ibout which the Ss had to signal information was 

either a sentence or a line diagram. He demonstrated that while a 

person was recalling a line diagram, he could more readily signal 

information about that diagram by speaking than by using spatially 

monitored output. ' In general, he found that when spatial memory was 

being used, recall was most readily disrupted by concurrent spatial 

activity and that when verbal memory was involved, recall was most 

readily disrupted by concurrent verbal activity. 

It is quite possible that the first piece of information that an 

operator extracts from a moving pointer display is the position of the 

pointer. Several authors have suggested that the analysis of incoming 

information takes place at various levels; indeed the work on selective 

attention (Treisman, 1969; Moray, 1959; Cherry, 1953) provides much 

evidence for this concept. Investigators have found that when S^ 

shadowed a message coming in at one ear, he was only able to notice the 

grossest physical properties of the message to the other ear. One 

theory to account for these findings suggests that the incoming infor- 

mation may be analyzed in a hierarchical fashion (Neisser, 1967). At 

the lowest level of the hierarchy the analysis is purely physical, 

while higher up, the semantic content is analyzed.  It is proposed that 

an S may select the message to which he will attend on the basis of 

gross physical features and that the message that does not meet the 



established requirements is attenuated so that the selected message may 

receive more concentrated attention. Support for such hierarchical 

analysis schemes is forthcoming not only from these auditory attention 

studies, but also from some of the investigations of visual search that 

suggest a preattentive stage in which crude physical features are con- 

sidered (Neisser, 1967).  In addition Posner and Mitchell (1967) found 

that when Ss were required to make "same-different" judgments, their 

responses were faster when only the physical properties of the stimuli 

had to be examined in order to make a judgment. All these studies 

suggest that material introduced into the system is handled in a 

hierarchical fashion with physical or immediate sensory features being 

analyzed first. 

Shulman (1969) has proposed that the encoding of an item takes 

place over time. In line with the concept of hierarchical analysis of 

input material, he has suggested that the features most closely related 

to the sensory input are encoded more rapidly than are the other features. 

If S is required to recall values from moving pointer and moving scale 

displays, then in order to maximize the time available for rehearsal, 

and under the pressure of a brief exposure duration, he attempts to 

encode the information as quickly as possible. This implies that 

encoding will begin with the sensory attributes of the input, i.e., 

with the moving pointer display, £ will first encode the pointer position 

information. 

Thus, it is suggested that with the moving pointer display, £ first 

encodes pointer position information. Whatever time remains may be devoted 
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to verbal encoding of the display reading.  It is, of course possible, 

that these encodings are started simultaneously, although the former, 

being more closely related to the sensory input, is completed sooner. 

In contrast, the moving scale display offers no similar position infor- 

mation and only verbal encoding is involved. Elkins' (1959) data on 

qualitative reading of different displays lend support to this conception 

of how S is processing information. His finding that reading performance 

with the moving pointer display was superior to that with the moving scale 

display may be explained by assuming that merely from pointer position S 

may obtain all the information required for accurate qualitative reading. 

Thus with a brief exposure duration he is able to rely on such information 

which may be obtained more rapidly than the verbal information which he 

must extract in order to make a qualitative reading from the moving 

scale displays. Thus, if recall for readings from these two displays 

is compared, it would be expected that while precise accuracy might 

not differ between the moving pointer and moving scale displays, the 

errors with the former should be smaller than those with the latter 

since recall of the pointer position roughly indicates the correct value. 

Three types of display were selected for study, a moving pointer, 

a moving scale, and a digital counter. Experiment I was designed to 

provide some baseline data on reading performance for two of the three 

selected displays. Experiment II attempted to answer the question about 

the memory differences between the displays. Experiments III and IV 

were designed to shed light on a theoretical issue that arose from the 

results of Experiment II. 



CHAPTER II 

APPARATUS AND STIMULUS MATERIALS 

During the entire research program the same basic apparatus was used. 

The Ss were seated in a dimly lit soundproof booth facing a glass window 

in front of a screen on which the stimuli appeared; Ss were approximately 

106 cm from the screen. The stimuli were on slides which were back- 

projected onto the screen via a simple mirror arrangement by a system 

consisting of two Kodak Carousel Projectors controlled by an electronic 

sequence timer. The timer was programmed to permit a set of slides to 

be projected in a determined sequential order for the various required 

exposure durations. A two-way intercom system permitted communication 

between S and E. 

A single set of stimulus materials was used throughout the series 

of experiments although not all stimulus ty^es were used in each 

experiment. The stimuli were 2x2 black-on-white slides, consisting 

of pictures of quantitative displays set at various values. Three 

different kinds of displays were selected for study, a moving scale, 

a moving pointer, and a digital counter as illustrated in Figure 1. 

On the moving scale display the pointer remained fixed while the scale 

moved past the open window; two numbers were always visible and the 

numbers increased from left to right. On the moving pointer display 

the scale was fixed while the pointer moved around the dial face. 

Display readings were always whole numbers. Both the moving pointer 

and the moving scale displays had a scale range of 200, extending from 

100 to 300, a numbered interval value of 10 (major graduation marks) and 

8 
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a graduation interval of 1 (minor graduation marks), with intermediate 

graduation marks every 5 units. The dimensions and spacing of the markings 

were identical for both displays. When the displays were projected in 

the apparatus the lengths of the major, intermediate and minor graduation 

marks were 0.7 cm, 0.5 cm, and 0.25 cm respectively, while the corres- 

ponding widths were 0.075 cm, 0.05 cm, and 0.033 cm. The third display 

was a digital counter having a scale range of 200, from 100 to 300. 

Tactype Future Demi Numerials were used whose dimensions were identical 

for all three displays and when projected their height and width were 

0.4 cm and 0.2 - 0.3 cm respectively. All three displays were designed 

in accordance with recommended specifications (McCormick, 196H). 

When projected in the apparatus the visual angles subtended by the 

largest dimensions of the digital counter, moving scale and moving ponter 

were 1° 24% 2° 40», and 5°  52' respectively. The brightness of the back- 

ground of the stimuli measured by a Macbeth Illuminometer was 20 ft Lamberts, 

-./I 
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CHAPTER III 

EXPERIMENT I 

Introduction 

While the data of Sleight (1918), Christensen (1952) and Elkin (1959) 

among others point to differences in the efficiency with which various 

dials can be read, not all of the data agree. Both Sleight and Elkin demon- 

strated that reading performance using a moving scale dial was better than 

using a moving pointer dial. Although Christensen obtained this ordering 

at short exposure durations, he found that when the exposure duration was 

increased above 600 msec, this ordering was reversed. Some of these 

differences may be due to the reading task complexity, scale and marking 

differences or to the particular exemplar of moving pointer or moving scale 

that was used. For this reason it was considered important to obtain 

baseline reading data with the displays that would be used for further 

information processing experiments, rather than rely on the data obtained 

by other experimenters.  In this experiment an attempt was made to obtain 

such data on reading performance for two of the three different displays 

which had been selected for study; the circular moving pointer dial and 

the open window moving scale dial. 

MethH 

Subjects.--The Ss were six male and six female paid volunteers having 

20/20 vision either corrected or uncorrected. All were students at the 

University of Michigan. 

11 
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Apparatus.—The apparatus that was used has been fully described in 

Chapter II. 

Stimulus materials.—»The stimulus materials have been fully described 

in Chapter II. Only the moving pointer and moving scale dials were used 

since pilot data with the digital counter indicated perfect reading perfor- 

mance in the range of exposure durations tested in this experiment. 

Experimentaj. design.—Two dial faces were used, the moving scale and 

the moving pointer and Ss were required to read aloud the three digit 

number corresponding to the dial setting at three different exposure 

durations; 0.75, 1.00, and 1.25 sec. Thus a 2 x 3 within-subjects design 

was employed. Different dials and exposure durations were blocked making 

six blocks of trials per S^. Three different stimulus sets each con- 

sisting of random orderings of 31 different dial readings were combined 

with the three exposure durations in a Graeco-Latin Square design, half 

the Ss reading the moving scale first and half reading the moving pointer 

first. Each block consisted of one type of dial exposed for one of the 

three exposure durations. The order of the 34 dial readings within a 

stimulus set remained the same throughout the experiment. The particular 

readings used in each set were chosen so that, as near as possible, the 

nine final digits 1 - 9 (0 was omitted), the ten middle digits 0-9, and 

the first two digits were equally represented. 

Procedure.—The Ss were told that the purpose of the experiment was 

to study the ease and accuracy with which one can read a dial face that 

is exposed for varying lengths of time. They were instructed to read 

the dial as accurately as possible; they were paid 1/2* for each correct 

*^^**^mmmmmmmmmmmmmi .  . • 
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reading that they made and they lost 1/2«!: for each error. The trials 

were blocked as described above and S rested briefly between blocks. 

In each block the first 8 presentations were regarded as practice trials 

followed by 26 scored trials. At the start of each trial a row of 

asterisks appeared on the screen for 1 sec. This acted as a warning that 

a picture of the dial would follow very shortly and it also served as a 

fixation line for' S as the dial appeared in about the same position on 

the screen. The dial stayed on the screen for a fixed duration which 

remained constant throughout the block, but varied from block to block. 

After the dial appeared S's task was to read aloud the three digit 

number represented on the dial face. There was about 8 sec. in which 

to do this and relax before a row of asterisks once again appeared 

signalling the start of a new trial.  Ss were required to make a response 

on each trial even if they had to guess one or more of the three digits. 

E heard S read off the three digit number through the intercom system 

and recorded this number on the score sheet. S received feedback as to 

the number of errors made at the end of each eight practice trials and 

at the end of each block. 

Results 

The Ss* readings were compared with the actual dial readings and 

the percentage error for each dial at each exposure duration was calculated. 

Figure 2 shows the percent reading error for each dial as a function of 

exposure duration. A three-way within-subjects analysis of variance 

was performed with the square-root transformation of the number of errors 

as the dependent variable. A transformation had to be applied to the 
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Fig. 2,  Percent reading error as a function of exposure duration with 
type of display as the parameter. 

raw error scores in order not to violate the assumptions of the analysis 

of variance, since the cell means and cell variances tended to be posi- 

tively correlated.  Since the within-cell distribution was Poisson in 

form, and the number of errors was small, a form of the square root 

transformation was selected; 

X' = / X + 1/2  . 
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A significant'main effect due to exposure duration [F(2t22) = 11.25, 

£ < 0,01] was obtained. There was also an effect due to dial face 

[F_(l,ll) = 4,63, £_ < 0,01],  Figure 2 shows that performance with the 

moving pointer dial was inferior to that with the moving scale dial at 

0,75 and 1.00 sec exposure durations while performance with the two 

dials at 1.25 sec was essentially the same. A significant interaction 

between dial face and exposure duration was not obtained despite a trend 

in that direction. 

Discussion 

The main finding of this experiment, that at short exposure durations 

reading performance with a moving scale dial was superior to that with a 

moving pointer dial, confirms the results of some previous experimenters 

(Sleight, 1948; Elkin, 1959) who obtained similar rankings. The data 

suggest that more processing was required to read and interpret the 

moving pointer dial than to do so with the moving scale dial. It 

should also be mentioned that performance of the six male Ss was generally 

superior and less variable than that of the female Ss, and for this 

reason only males were run in subsequent experiments. The present results 

provided data that may serve as comparison data for future results. 

It also contributed to a judicious choice of exposure duration for 

subsequent experiments. 



CHAPTER IV 

EXPERIMENT II 

Introduction 

This experiment was designed to examine the proposition that quan- 

titative information from one kind of display is better retained in 

short-term memory than the same information which has been read off 

another kind of display. Experiment I established differences in the 

ease with which Ss read two of the three particular displays chosen for 

study, and it was considered possible that comparable differences might 

exist in memory for the readings. In a real-life situation an operator 

may read a display and be required to retain the information for some 

period before using it. This period during which he retains the infor- 

mation is unlikely to be one in which the operator is idle; more likely 

he will be intensely occupied. 

The Brown-Peterson paradigm to study short-term memory simulates 

this situation in the laboratory (Brown, 1958; Peterson and Peterson, 1959). 

The £ is presented with a "to-be-remembered item" and the time period 

between the item's presentation and its recall is filled with another 

activity that may be related or unrelated to the material held in store. 

This is the paradigm which was used in the present experiment to study 

differences in short-term memory for quantitative information from various 

visual displays. 

Method 

Subjects.—The Ss were 21 male paid volunteers between the ages 

18-25 years all having 20/20 vision either corrected or uncorrected. 

16 
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Apparatus.—The same apparatus was used as in Experiment I. 

Stimulus materials.—The three types of displays described in 

Chapter II were used; the moving scale, the moving pointer, and the 

digital counter. The readings displayed were always whole numbers not 

involving interpolation between minor markers. 

Experimental design.—The experiment was divided into three parts, 

the first and final parts consisting of reading trials similar to those 

in Experiment I except that a constant stimulus exposure duration of 

1.5 sec was used.  In both parts S received three blocks of trials, one 

for each displöy type. In Part I there were 34 trials per block, the 

first 8 of which served as warm-up trials followed by 26 scored trials. 

In Part III there were 10 trials per block with no warm-up trials.  In 

both parts £ was required to verbally report the three digit reading repre- 

sented on the display. The order of presentation of blocks was counter- 

balanced over Ss and at the end of each block £ told S how many errors 

he had made on that block. The trials in Parts I and III provided an 

estimate of reading accuracy at a stimulus exposure duration of 1.5 sec. 

Short-term memory for readings from the different displays was 

examined in Part II using a Brown-Peterson paradigm with varied retention 

intervals. After a warning signal, a picture of the display was projected 

on the screen for 1.5 sec during which time £ was instructed to read to 

himself the three digit number represented on the display.  Immediately 

after the display disappeared a letter of the alphabet appeared for 

0.5 sec. S was then required to recite the alphabet backwards during 
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the retention interval starting with the presented letter ana continuing 

until a row of asterisks was displayed at which time £ attempted to 

recall the reading. A different display type was represented in each 

main block which consisted of 30 trials. Each S^ was tested with each 

display 10 times at each of the 3 retention intervals» 5, 10, and 20 sec. 

A specific retention interval was represented once in each successive 

block of three presentations, the order of the intervals within such 

blocks being randomized, but in such a way that the first order transitional 

properties of the retention intervals were as equal as possible. The 

first two presentations in each main block were considered practice 

trials and £ was so informed. The following four trials were present 

in order to stabilize proactive interference, which typically, in this 

paradigm, builds up over the first four trials and then levels off 

(Keppel and Underwood, 1962)} these trials were not scored. The remaining 

2U trials, 8 at each retention interval, were scored. 

Procedure.—The instructions to Ss for the first and third parts 

of the experiment were essentially the same as in Experiment I; they 

were urged to be as accurate as possible. In the second part Ss were 

told that the purpose of the experiment was to study how well they 

could remember readings from different displays when doing something 

else. They were given extra pay for each correct recall they made, 

but they were instructed to recite the alphabet backwards as fast and 

as accurately as possible and were so encouraged from time to time during 

the block of trials. See Appendix I for detailed instructions. They 

were instructed to guess all or part of the number if they could not 

.' 
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remember it. On each trial the word "ready" presented for 1 sec warned 

£ that a picture of the display would follow very shortly. The display 

was presented for 1.5 sec and £ read off to himself the three digit number, 

performed the interpolated activity and subsequently attempted to recall 

the number. There was a ten second period allowed for recall and relaxation 

between trials. £ rested briefly between blocks and also between parts of 

the experiment. E monitored SJa  performance on the interpolated activity 

via the speaker system and recorded recall responses. 

Results 

For the first and third parts of the experiment the percent reading 

error for each display was obtained. Table 1 shows these data. As 

TABLE 1 

PERCENT READING ERRORS ON DIFFERENT DISPLAYS AT 1.5 SEC EXPOSURE DURATION 

% Error 

Moving Scale 

3.7 

Part 1: 26 Trials Per £ 

Dial Type 

Moving Pointer 

6.U 

Digital Counter 

0.0 

% Error 

Moving Scale 

U.2 

Part 3: 10 Trials Per £ 

Dial Type 

Moving Pointer 

5.U 

Digital Counter 

0.0 

expected Ss made no reading errors with the digital counter; performance 

with the moving scale display was superior to that with the moving pointer display, 
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These results confirm the findings of Experiment I in which the same 

relative ordering was obtained. However, it should be noted that 

reading the displays in Parts I and III may well be different from 

reading the displays in Part II in which £ knew that he would subse- 

quently be required to recall the number. This expectation possibly 

may have influenced reading performance (cf., Triggs, 1968). 

In the second part of the experiment S's recall responses were 

scored against the actual readings from the display and the percent re- 

call for each display at each retention interval was calculated. Figure 3 

shows the percent recall for each display as a function of retention interval. 

90 
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Fig. 3. Percent recall of the display reading as a function of retention 
interval with display type as the parameter. 
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Despite the low point at the 5 sec retention interval for recall of the 

digital counter readings, performance with this display appears to be 

superior to that with the other two displays. On these, performance was 

about equal except at the 5 sec retention interval at which the moving 

pointer recall was superior. 

In addition to the recall responses being scored correct or incorrect, 

the size of the errors was also scored. Thus, if the correct reading was 

186 and S's recall was 193, this was scored as an error of +7 units. The 

errors were then classified in one of five ways according to the following 

scheme. 

i) The three recalled digits were the same as those displayed but 

the order was incorrect, i.e., a reversal error. This was 

designated V , e.g., 286 recalled instead of 268. 

ii) Only the first digit was incorrect. This was designated V , 

e.g., 173 recalled instead of 273.  It should be noted that 

all readings fell between 100 and 299. 

iii) The first two digits were correct but the final digit was 

incorrect. This was designated S, a small error, e.g., 1U3 

recalled instead of 117. Most of the reading errors fell into 

this category, 

iv) The first two digits were not correct but the size of the error 

was < 25 units. This was designated M, a medium error, e.g., 

153 recalled instead of 1U7. 

v) The size of the error was > 25 units. This was designated L, 

a large error, e.g., 213 recalled instead of 156. 
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All errors were examined first as to whether they belonged to categories 

V. or V .  If they did not they were then placed in category S, M, or L. 

Thus 2U1 recalled instead of 21U was classified V while 2U2 instead of 

2lu was classified L. Table 2 shows the number of errors so classified 

for the moving pointer and moving scale. 

TABLE 2 

' ERROR CLASSIFICATION FOR EXPERIMENT II 

Retention Interval (sec) 

5^ 10 20 

MS MP MS MP MS MP 

V 0 3 0 1 0 1 

V 10 2 12 2 8 0 

s 29 29 32 36 30 U3 

M 12 18 16 25 19 32 

L 31 U 23 18 Ul 23 

The data for the digital counter have been omitted here because it was 

felt that this display presented very different task demands in terms of 

reading the number than did the other displays. The comparable data for 

this and subsequent experiments are reported in Appendix II. Reading 

the moving pointer display required location of the pointer and interpolation 

between two numbered markers. Reading the moving scale display required 

merely the interpolation. In this anc subsequent experiments only the 

moving pointer and the moving scale will be compared when considering 

the nature of the errors. Figure >t shows the number of M and L errors for 

the moving pointer and moving scale displays at different retention intervals. 

■■ 
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A composite score of M   ^   was calculated for each £ under 

each condition. This score reflects the number of M errors as a proportion 

of the total number of M and L errors. The 1/2 added to both M and L 

avoids the problem of having a zero score in the numerator or denominator. 

When the entries in both the M and the L category are zero the composite 

score is 0.5. As the number of errors in the M category increases the 

composite score tends to 1 while as the number of errors In the L 

category increases the score tends to 0. Table 3 shows the mean 

M t 1/2 rmn   ratl0S- 
TABLE 3 

MEAN M
M * 1{2. RATIOS FOR EXPERIMENT II 
n T u T i 

Retention Intervals (sec) 

10 20 

MS MP MS MP MS MP 

0.U1 0.61 0.45 0.53 0.41 0.55 

A three-way withln-subjects analysis of variance was performed with the 

M ■>• 1/2 ratio as the dependent variable. A significant main effect 
M + L t 1 

[£(1,23) a 17.25, 2. < 0«01] due to display type was obtained, but no 

other significant main effects or interactions were obtained. 

Üiscussion 

There appear to be differences In short-term memory for readings 

from the three kinds of displays. Recall from the digital counter was 

— ^    ' .: ....„.,.„„. Jt:  ,, 
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superior to that from the other displays on which performance was approxi- 

mately equal. Caution, however» should be taken in interpreting these 

results since reading has been shown to be less accurate for the moving 

pointer than for the moving scale display. Since Ss were not required 

to read aloud the three digit n*imber in the second part of the experiment, 

there is no way to extricate reading errors from memory errors. The 

results of Parts 1 and 3 provide an estimate of reading accuracy, but 

as mentioned, differences might exist between the reading tasks in those 

parts and in Part 2 of the expeciment. 

With respect to the memory differences between the displays it is 

interesting that the digital counter, which is the easiest to read, 

resulted in the best recall. This result weighs against any hypothesis 

that suggests that the more effort required to perform a task, in this 

case reading the display, the better the recall associated with that task. 

A more feasible explanation of the superiority of performance with the 

digital counter is that Ss were able to read the display and rehearse 

the reading within the alloted 1.5 sec, while with the other two displays, 

they needed the entire time just to read the number. 

Of greater Interest, however, are the differences in the size of 

errors obtained on the moving pointer and moving scale displays. From 

Table 2 it is clear that Ss nade more V. errors with the moving scale 

than with the moving pointer. These are errors in which only the first 

digit was Incorrect. If the pointer on the moving pointer display is on 

the left-hand side of the display, the reading must be in the two hundreds, 

and in the one hundreds if the pointer is on the right-hand side. No 

I 
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such positional information is available with the moving scale display,  If 

Ss were able to retain even the crudest position information with the 

moving pointer display, they would be less likely to make an error on the 
il 

first digit. The data suggest that this indeed happened. However, more | 

I 
pertinent to the question of spatial information, are the numbers of medium        « 

-fl 

and large errors.  Suppose, that with the moving pointer S tries to remember       | 
.'y 

the approximate Position of the pointer as well as the exact reading on 

the display.  If S_ forgets the reading but is still able to retrieve some I 

pointer position information, then his error should be smaller than if | 

i he had no such information. The class S of small errors probably results | 
| 

from: a) Reading errors, where the number read is correctly recalled and | 
i 
V 

b) Errors where verbal recall is almost perfect and only the last digit ic | 
ä 
I 

missed. The class M of medium errors probably contains few reading errors,        | 
I 

but consists of those errors where more of the verbal memory has been lost 

and the middle or "tens" digit is incorrect. The class L, of large errors        I 
I 

is primarily composed of errors where Verbal recall is poor. Naturally 

there were occasions on which S when having neither verbal nor spatial i 

information guessed the number and his response was either correct or fell        < 
I 

into categories S or M. When there is no memory for spatial information | 

available, there is no reason to expect that for anv of the displays, these 

I 
guesses should fall more often into one category than into another. | 

However, it has been suggested that there is spatial or positional infor- 
i 

mation present in the moving pointer display but not in the moving scale display, 

and support for this is forthcoming from the number of V. errors made with i 

the two different displays. If indeed spatial information is available, then 

I 
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it might be expected that when £ has imperfect verbal memory of the three 

digit number he is able to utilize the information in his spatial memory 

to make a more accurate recall attempt. If Ss were able to retain spatial 

information, such as in which quadrant of the display the pointer was located, 

then when verbal memory for the number was imperfect, and they guessed 

using the spatial information, their error should be +25 units, i.e., in 

the M category. Figure 4 shows quite clearly that more M errors were ob- 

tained under the moving pointer than under the moving scale conditions and 

the difference in this respect was confirmed by the significant main effect 

in the analysis of varidnce. 

This experiment has demonstrated that there are differences in short- 

term memory for readings from among the various displays. Although in a 

real world situation a person would be unlikely to read aloud from a display, 

care must be taken in the interpretation of these differences due to the 

fact that reading and memory errors were partially confounded, since there 

was no way to ascertain whether £ had correctly read the display. The 

hypothesis that there is spatial information present In the moving pointer 

display which £ can attempt to remember, received support from the analysis 

of the error data. 

While this experiment did not attempt to evaluate check-reading 

performance, it certainly provides some pertinent information. There is 

a large element of memory involved in check-reading as the operator perio- 

dically views the display to ascertain whether tue indicated values are 

normal or have changed. Here he must remember the previous value in order 

to make a comparison. Precision of the type demanded in the present study 
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is not usually required; more often just a rough estimate is sufficient. 

It has been demonstrated that pointer position can be encoded and retained 

in short-term memory. This then suggests that for check-reading« moving 

pointer displays would result in the best performance since the pointer 

position can be ascertained rapidly and recalled adequately. 

Experiment III was designed to follow up some of the theoretical 

points that had been raised by the results of this experiment and also to 

try and separate reading and memory errors which were confounded in this 

experiment. 
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CHAPTER V 

EXPERIMENT III 

I 

Introduction . 

In the Browr.-Peterson paradigm the interpolated activity serves to 

occupy S^'s capacity so that little if any is available for rehearsal of 

the "to-be-remembered item." The interpolated activity also provides 

a source of retroactive interference. Thus one might expect that in 

this experiment an interpolated task requiring the use of numbers, 

e.g., counting backwards by three's, would result in inferior recall 

from all displays, than that obtained with the interpolated task of 

reciting the alphabet backwards. The numbers that would be processed 

in the course of performing the interpolated activity would retroactively 

interfere with memory for the number read off the display.  In general, 

the more similar the interpolated activity is to the material which must 

be remembered, the more interference (Brown, 1958; Gorman and Wickens, 

1966} Dale and Gregory, 1966). 

In Experiment II some evidence was found for the use of spatial 

information and this suggested that spatial short-term memory was involved. 

There is experimental evidence for the existence of spatial as well as 

verbal short-term memory (Brooks, 1968; Margrain, 1967) and some of the 

work on visual search suggests that the stimulus representation might be 

a pictorial one (Sternberg, 1969).  In Experiment II it is reasonable 

to suppose that the interpolated activity of reciting the alphabet back- 

wards interfered equally with the verbal memory from all displays. However, 

29 
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it did not  interfere to the same degree with spatial memory.  In order to 

more explicitly demonstrate the usefulness of spatial information in 

connection with the moving pointer display, an interpolated task was 

designed which it was hoped would interfere selectively with spatial memory. 

The chosen task was a modification of one used by Brooks which he had 

shown to involve spatial processing.  This experiment was designed to pro- 

vide an explicit #demon»tration of spatial information by comparing performance 

under the present interpolated task with performance under a task which 

would provide spatial interference.  It was also intended to provide 

explicit data on the relation between reading and memory errors. 

Method 

Subjects.--The Ss were 36 male paid volunteers between the ages 18-25 

years all having 20-20 vision either corrected or uncorrected. 

Apparatus.--The same apparatus was used as in Experiment I. 

Stimulus materials.—The same stimulus materials were used as in 

Experiment II. 

Experimental design.—The Brown-Peterson paradigm was employed in a 

between-subjects design in which there were two groups of Ss.  For one 

group of 18 Ss the interpolated task was reciting the alphabet backwards 

(non-spatial group) and for the other group of 18 Ss it was a task designed 

to produce spatial interference (spatial group).  In the spatial task a 

block letter of the alphabet in outline was projected on the screen.  In 

one corner of the letter there was a black dot together with an arrow 

pointing in the direction of an adjacent side of the letter (see Figure 5). 
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Flg. 5. A sample of the outline letters used. 

Ss were required to start at the spot and proceding in the direction of the 

arrow trace out the letter going from corner to corner by using the directions 

of the compass.  They were instructed to use eight compass directions N, S, 

E, W, NE, NW( SE, and SW, and to assume that any diagonal was along the 45° 

mark, i.e., NW, NE, SW, or SE. When they arrived at the starting corner 

they imagined the letter rotated 90° clockwise about that point and once 

again traced out the figure. They continued the sequence of tracing, 

rotating, tracing, etc. until the end of the retention interval. 

The experimental design was similar to that in Experiment II. £ 

received 3 blocks of 10 trials each for reading practice, one block for 

each display type.  The order of the blocks was counterbalanced over Ss. 

Following these reading blocks there were 3 memory blocks, one for each 

display which were similar to those in Experiment II. Again a Graeco- 

Latin Square design was used. 
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Procedure.—The instructions to the subjects were similar to those 

used in the previous experiment except that Ss were not paid extra for each 

correct recall but were paid double the base rate for performing well on 

the interpolated activity. At the start of each trial the word "ready" 

was projected on the screen for 1 sec.  This warned the Ss that a picture 

of the display would follow almost immediately and it also provided them 

with a fixation mark. The picture of the display was exposed for 1.5 sec 

during which time S read aloud the reading represented on the display. 

Immediately after the display disappeared an outline letter of the alphabet 

appeared. S_ performed the appropriate interpolated task according to 

which group he had been assigned. For the non-spatial group the letter 

was exposed for 2 sec and then followed by the retention interval. For 

the spatial group the letter remained throughout the retention interval, 

i.e., 2 sec plus the interval. A row of asterisks signalled the end of 

the retention interval at which time S had 10 sec in which to recall the 

display reading and relax before the start of a new trial, Ss were in- 

structed to guess if necessary. E recorded the recall responses. Ss 

rested briefly between the various blocks of trials. 

Results 

The data were analyzed in the same fashion as in the previous experi- 

ment except that the reading which S made was taken as the correct reading, 

and he was scored correct in recall only if his recall corresponded to 

his reading. In this way the retention curves were not contaminated with 
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reading errors. The reading errors on the recall trials were scored and 

Table U shows the percentage of reading errors for both groups. There 

TABLE k 

PERCENT READING ERRORS FOR BOTH GROUPS IN EXPERIMENT III 

Display Type 

Moving Scale       Moving Pointer      Digital Counter 

Spatial Group   -5.09 8.56 0.0 

Non-Spatial Group    8.33 8.33 0.0 

is a slight increase in errors when £ knows that he must subsequently 

recall the reading and this emphasizes the caution which should be main- 

tained in interpreting the results from Experiment II.  Figure 6a shows 

the percent correct recall for each display as a function of retention 

interval for the spatial group.  Figure 6b shows the same function for 

the non-spatial group. Recall performance was best with the digital counter 

followed by the moving pointer and the moving scale in that order. The 

overall recall performance of the spatial group was superior to that of 

the non-spatial group. 

The classification of errors on the moving pointer and moving scale 

displays for both groups is presented in Table 5.  The differences between 

the displays on the M and L errors that were demonstrated in Experiment II 

are no longer present for the spatial group. Although they are present 

for the non-spatial group, the effect is weak. An analysis of variance 

M + 1/2 
was performed on the data with the ——- ■— ■  ratio as the dependent 

M •»• L + 1 
variable. The only significant term was the main effect due to retention 
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TABLE 5 

ERROR CLASSIFICATION FOR EXPERIMENT HI 

MS MP 

vl 
0 0 

V2 4 H 

S 16 8 

M 9 11 

L 18 21 

Spatial Interpolated Task 

Retention Interval (sec) 

10 

MS      MP 

20 

MS MP 

0 0 

10 3 

m 11 

ii 15 

43 37 

5 

MS MP 

vi 0 0 

v
2 

8 6 

S 5 19 

M 17 10 

L 22 13 

2 3 

5 4 

21 11 

15 19 

23 25 

Non-Spatial Interpolated Task 

Retention Interval (sec) 

10 20 

MS      MP MS      MP 

10 0 0 

10       3 8 5 

14      23 15 25 

16       20 19 23 

30      14 45 24 
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interval [F(2,68) =  3.46, p < 0.05].    Table 6 shows the mean      M "'' 1//2 

— *- M + L + 1 

ratios for each group for the various conditions. Here again in the non- 

spatial group, the effect is present but very weak. Figure 7 shows the 

number of M and L errors for the moving pointer and moving scale displays for 

the two groups. 

TABLE 6 

MEAN U
M * 1{2,     RATIOS FOR EXPERIMENT III 

Spatial Group 

Retention Interval (sec) 

5                      10                      20 

MS MP MS MP MS MP 

0.44       o.47 0.48      0.49 0.32       0.42 

Non-Spatial Group 

Retention Interval (sec) 

5                      10                        20 

MS MP MS _MP MS MP 

0.51       0.49 0.42      0.54 0.36       0.52 

Discussion 

A clearer picture of recall performance was obtained by avoiding the 

confounding between reading and memory errors. Recall was clearly best 

with the digital counter and this appears to be a stable finding. From 
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r 20 seconds 

MP "   MS      MP "    MS 
SWTIAL INTERPOLATED TASK 

MS: Moving Scole 
MP: Moving Pointer 

Medium Errors 
Lorge Errors 

Fig. 7, The numbers of medium and large errors with the moving pointer 
and moving scale display at each of the three retention intervals 
under both interpolated task conditions. 

Experiment I and the results of other researchers it is known that the 

digital counter may be read faster and with greater accuracy than either 

the moving pointer or the moving scale displays. A possible explanation 

of ths  superiority in recall of readings from the digital counter is that 

Ss read off the number so quickly, that before commencement of the interpolated 
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activity there was time available in which they were able to rehearse the 

reading and this resulted in better recall. One method to ':est this would 

be to measure response and reading times for the various displays and then 

use these times as the exposure durations in a Brown-Peterson paradigm. 

If indeed this facility  of reading hypothesis is true, then this procedure 

should abolish the differences in recall performance between the displays. 

The recall performance difference between the moving pointer and moving 

scale displays cannot be accounted for by this hypothesis.  For both groups 

recall using the moving pointer display tended to be better vhan recall 

using the moving scale display while the reverse ordering was obtained 

for reading performance.  This difference may be due to the presence of 

spatial information.  If S_ remembered on which side of the display the 

pointer was located, then he had only to recall from verbal memory the 

last two digits of the reading.  In this way he might be able to augment 

his performance by using his spatial memory.  This recall difference be- 

tween the two displays was larger for the non-spatial than for the spatial 

group in which there was spatial interference from the interpolated activity. 

This provides further support for the hypothesis that spatial information 

was being utilized in recalling the display reading since interference with 

spatial memory reduced the difference between the displays. 

The error da^a, although weak, similarly support the spatial memory 

hypothesis.  The interesting question is why the spatial effect in the 

non-spatial interference group was much weaker than that ob rained in 

Experiment II? Experiment IV was designed to answer this question and 

to provide further evidence for the spatial memory hypothesis. 
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CHAPTER VI 

EXPERIMENT IV 

Introduction 

There were two major differences between the procedure in Experiment III 

arid that in Experiment 11.  Firstly, Ss received much more display reading 

practice in Experiment II and hence were more familiar with the displays 

and their distinctive properties.  Some Ss even reported that half-way 

through Experiment III they suddenly realized that they could aid their 

recall in the moving pointer condition by remembering the position of the 

pointer on the face of the display.  The second difference between the 

two experiments was that in Experiment III S_ read aloud the display reading 

before starting the interpolated activity while in Experiment II he read 

the number to himself.  This procedure in Experimer*- III served to extri- 

cate reading from memory errors but may also have put greater emphasis 

on verbal encoding than on spatial encoding. 

The present experiment used a within-subjects design to partially 

replicate Experiment II. Two different interpolated activities were used 

to try and provide further evidence regarding the use of spatial infor- 

mation with the moving pointer display. 

Method 

Subjects.—The Ss were 12 male paid volunteers between the ages 

18-25 years all having 20/20 vision either corrected or uncorrected. 

Apparatus.—The apparatus was the same as that used in the previous 

experiments. 

39 
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Stimulus materials.—The same stimulus materials were used as in 

Experiment II. 

Experimental design.--A two-part within-subjects design was used; 

the two parts differed only in using different interpolated tasks.  In 

Pare 1 S_ received three blocks of reading trials, one for each display type; 

the displays were individually exposed for 1.5 sec.  Thes»? reading trials 

were followed by three blocks of trials in a varied retention interval 

Brown-Peterson paradigm, one block for each typ«: of display.  The inter- 

polated task used was reciting the alphabet backwards.  The detailed 

composition and timing of these memory trials was exactly the same as 

those in Experiment III.  The design of Part 2 of this experiment was the 

same as that of Part 1, consisting of both reading and memory trials; 

however, the interpolated task was the spatial one of tracing out an 

alphabet letter, described previously in greater detail.  Each S_ was run 

first on Part 1 and then on Part 2.  All Ss served in all conditions; 

the same stimulus set? in the same orders w-re used in both parts. A 

Graeco-Latin Square was used to counterbalance the order of presentation 

of blocks over Ss. 

Procedure.—The instructions were identical to those used in 

Experiment II in that accuracy was stressed and Ss were given extra pay 

for each correct recall.  The format of the reading trials was the same 

as in Experiment II and the format of the recall trials was the same as 

those in Experiment III.  In the recall trials after the word "ready", a 

picture of the display appeared for 1.5 sec during which time S read the 
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number represented on the display to himself.  Immediately after the 

display disappeared a letter of the alphabet appeared and S_ began the 

appropriate interpolated activity. The letter stayed on the screen for 

either 2 sec (non-spatial task) or throughout the retention interval 

(spatial task) depending upon which interpolated task S_ was performing at 

the time. When the row of asterisks appeared S attempted to recall the 

reading. E_ monitored the interpolated activity and recorded recall res- 

ponses. S_ rested briefly between blocks of trials. 

Results 

The data were analyzed in the same way as in Experiment II.  Figures 

8a and 8b show the percent correct recall for each display as a function of 

retention interval for the non-spatial and spatial tasks respectively. 

Here again, as in Experiment II, the recall data were contaminated with 

reading errors. Despite a couple of errant data points the generally 

obtained ordering of digital, moving pointer, moving scale appears to 

hold up reasonably well. 

Table 7 shows the classification of errors on the moving pointer 

and moving scale displays under both interpolated task conditions.  The 

spatial effect obtained in Experiment II where there were many more M 

errors than L errors on the moving pointer scale is once again evident 

with the non-spatial interpolated task. This effect has been considerably 

lessened, if not abolished with the spatial interpolated task. 

An analysis of variance performed on the data with the proportion 

M + 1/2 —1—s- as the dependent variable yielded significant main effects due M + L + i. 
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TABLE 7 

ERROR CLASSIFICATION FOR EXPERIMENT IV 

Non-Spatial Interpolated Task 

Retention Interval (sec) 

5 10 

MS       MP MS       MP MS 

20 

MP 

0 0 

7 1 

20 17 

6 15 

27 12 

V 0 0 11 

V 6 3 6 1 

S 11 19 18 19 

M 14 14 8 27 

L 17 7 23                    9 

Spatial Interpolated Task 

?s9tention Interval (sec) 

5 10 

MS MP MS MP 

20 

MS MP 

0 1 

6 0 

17 16 

10 10 

20 19 

V 0 0 0 ^ 

V 6 2 9 1 

S 10 16 12 12 

M 8 8 8 13 

L 7 6 18 9 



w 

to display type [£ = 12.44, df = (1,11), £_ < 0.01] and retention interval 

[F = 6.7U, df = (2,22), £_ < 0.01]. 

M + 1/2 Table 8 shows the mean — • r- ratios for the moving pointer and 

moving scale displays at different retention intervals with different inter- 

M + 1/2 polated activities.  While the — = — ratios for the moving scale increased 
M + JJ + J. 

TABLE 8 

MEAN  M + 1/2  RATIOS FOR EXPERIMENT IV 
M + L + 1 

MS 

Non-Spatial 
Task 

0.46 

Retention Intervals (sec) 

10 

MP        MS      MP 

0.61 0.32 0.67 

20 

MS      MP 

0.26 0.53 

Spatial 
Task 

0.50 0.50 0.38 0.55 0.40 0.39 

when S performed recall under the spatial interpolated activity condition, 

the ratios for the moving pointer decreased.  In the analysis of variance 

the first order interaction Dials x Interpolated tasks was also significant 

(F(l,ll) = 16.10, £ < 0.01). There were no other significant effects. 

Figure 9 shows M and L errors for the displays at each retention interval 

with each interpolated activity. The spatial effect overwhelmingly 

present with the non-spatial interpolated activity has been virtually 

abolished by the spatial interpolated activity, 
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Fig. 9. The numbers of medium and large errors made with the moving pointer 
and moving scale display at each of the three retention intervals 
under both interpolated task conditions. 

Discussion 

The large spatial effect obtained and its subsequent abolition provide 

substantial support for the hypothesis that with the moving pointer display 

S is able to use the spatial information from pointer position to facilitate 
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recall of the display reading.  It appears that the spatially interpolated 

task was less difficult and required less of S^s capacity than the non- 

spatial interpolated task, thereby producing overall superior recall 

performance. Although superior recall performance by the spatial group 

was also obtained in Experiment III, it should be noted that the order 

in which S_ performed the parts of this experiment was not counttirbalancad 

over £, i.e., all Ss performed first under the non-spatial condition and 

secondly under the spatial condition. Thus there is a confounding with 

practice, although it seems unlikely that this serious1/ affects the 

conclusions that may be drawn. 

In the present experiment improved recall performance tended to 

M + 1/2 
result m an increased — r ratio. This rati.) reflects the 

M + L + 1 

magnitude of the errors made. As the errors become mainly large errors, 

the ratio tends to zero and as the errors become predominately small or 

medium errors, the ratio tends to one. Examination of Table 8 shows 

that the ratio increased for the moving scr>le when S performed first 

in the non-spatial interpolated task and then in the spatial interpolated 

task.  However, the ratio decreased for the moving pointer from the non- 

spatial to the spatial task. This decrease together with the increase 

for the moving scale dial accounts for the significant interaction (Dials 

x Interpolated task) obtained in the analysis of variance. 

Unfortunately the recall data from this and previous experiments 

was not as clean as hoped and this prevents anything more than speculation 

about the time course of spatial information. In speculating, it appears 

that spatial memory decays over time more rapidly than the verbal information. 



CHAPTER VII 

CONCLUSION 

It has been demonstrated that the short-term memory for quantitative 

information extracted from a visual display is not independent of the 

type of display from which it comes.  In a series of laboratory experi- 

ments the obtained ranking of displays in terms of recall performance 

was digital countfer first, followed by the moving pointer and moving 

scale displays in that order; while the ordering in terms of reading 

performance was digital counter, followed by moving scale and moving 

pointer displays in that order. A hypothesis based on facility of 

reading was proposed to account for the overall superiority of recall 

for readings from the digital counter. However, this hypothesis does 

not account for the obtained ordering of the moving pointer and moving 

scale displays. A second hypothesis invoked the use of spatial information 

due to pointer position which was present in the moving pointer but not 

in the moving scale display to account for these differences.  It was 

t 

explained how the use of spatial encoding could augment verbal encoding. 

Evidence for this hypothesis was obtained by comparing the error patterns 

resulting from the use of each display. When the interpolated activity 

between display presentation and recall was of a nature that interfered 

with only the recall of verbal material, different error patterns for 

the moving pointer and the moving scale displays were obtained. On the 

moving pointer idsplay Ss tended to make a larger number of errors whose 

size was < 25 units than of errors whose size was > 25 units.  The reverse 

47 
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was the case for the moving scale display. When, however, the interpolated 

activity was one which interfered with recall for spatial as well as 

verbal material, this difference was either abolished or considerably 

lessened. 

This series of experiments has shed light on two important points. 

First, that the method by which quantitative information is displayed 

may affect subsequent human information handling.  Second, the nature 

of the activities between reading a display and subsequent use of the 

reading appear to determine the recall of such information. Before the 

result of recall difrerences between displays may be used practically, 

a study should be performed that controls for the ease of reading the 

various displays.  In deciding upon which type of display to use for 

particular kinds of information, the designer should give some consider- 

ation then, not only to the ease of reading the display, but also to the 

factors involving recall of the information read off the display. These 

factors include: a) How long the information must be retained, b) The 

purpose for which the information is going to be used, and c) The nature 

of otler ongoing and interpolated activities between reading the display 

and usiug the information.  While recall was investigated at only three 

different retention intervals the ordering of digital, moving pointer, 

and moving scale m descending order of performance, held in general. 

However, the difference between the moving pointer and the moving scale 

displays tended to lessen at longer retention intervals and it has 

already been proposed that memory for non-verbal information might decay 

more rapidly than that for verbal information, thereby accounting for 
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that trend. One important factor in any consideration of the subsequent 

use for the information from a display of the subsequent use for the 

information from a display is the amount and nature of recall error 

which can be tolerated.  In evaluating a visual display an examination 

of the nature of errors should always be undertaken. The ordering based 

on recall performance reports only precise accuracy; it does not say any- 

thing about the kind of recall errors that one might expect with a 

particular display.  There are some cases in which large errors have 

higher negative costs associated with them than do small errors. Although 

these costs probably lead to more concentration on the part of the 

operator and therefore better retention, it might be advisable in such 

a case to consider using some form of moving pointer display so that 

when an error does occur, it has a good chance of being small. Finally, 

when recommending the use of one displa" rather than another one should 

consider how reading that display fits into the other ongoing activities 

of the operator. The importance of considering the nature of the 

activities which follow the reading of the display was demonstrated 

by the disappearance of error pattern differences between the moving 

pointer and moving scale displays when the interpolated activity was 

changed. When the interpolated activity was of a spatial nature, the 

advantage of the moving pointer was lessened both in terms of precise 

recall and in the size of errors in the event of forgetting.  Naturally 

in recommending the uöe of one kind of display rather than another, 

there are also many other system considerations which should be borne in 

mind; such things as the length of scale, control motion relationships, etc. 



On« Mthodologlc«! point worthy of Mntion !• th«t th« dtfftroneot 

botwoon tho dttpUyt in tho«« •Mporlaont« wnro obt«lnod und«r eondttloni 

of lUito4 ««po«ur« dur«tlon«.   TIMM rtttt&t« «Iftot bo eoMl4or«bly 

4trroroni If ibo 4tt^Uy oot»*^« 4viroi4o«o had bo« loafar or ^tonktooiod, 

QM lotorooilbt «•f I* obtoli ibU pr*lm «ay bo tpproMbod mmU bo 

to «to tbo »orodl#» law laptd by VMOM dad Uraab ttfb» la «blab tbray 

ta«Mf Ifiia £*« d^llity la »aao "•*» af iba atataa af aaaaaaA «arldMaa. 

t«db a paradlfi aaald ba aiapiad la laoaavlfaM haibat «ia aatwa af 

iba pyataaaiai at i*f«roa« laa fva» «laaal dldftdya» 



APPENDIX I 

HiCTHUCTIOHS TO SUMDCTS 

ThU U m MpcrtMMf to ttudy %tm MM mi MMMcy wtili MUh OM 

fMi A 4UI fM« «MM It MPMT* Nr Mrytag IMC«M 9t IIM.   *I IM •«•n 

•# MM irUA MV*tltM««rM«# MiartMti Ml« It • Mimlag IMI IM 

iUI «III  f«ltM Mrjf MMf ty.     fM «iMM  rtMl«  IM« fM M  IM «Ul «III 

lA MMI   IM MM pMlllM Mi llU« «tit MMI« fM I» MM  ll MM 

l«tf.    Ik* «Ml «III »Mf M Mt MMM for • HMi iMfM »f I Mt. 

fMM «M M* «llfMMI 41*1  fMM M4 M «Mil IMl M«*> ••  «**•• 

OlfMMI   MflWI JMMiMt.    TM* IMM «III M «I« tlMM 9* irMl«  !• 

All.    IM iMfl» M IIM fw ««IM IM 4UI tm» I« *U»lMM «III MMl» 

IM «.««• vii*l« MM MM« •# irUI» Nrt «III MMfi fM» «IM» M »MM. 

AflM IM «Ul ipMtM !•* W** *• «• t*** •" V1» ^ilfl« —«II  ««Ufc 

I« M tM 4UI  fM«.    IM «III M*»  «MM  • MC  I« MtM I« M Ml« Mi 

MIM Mf«M • ra» «f ••«•ri*«« «IU «M« «ftto #pMf «IpMUIat <** 

•i«rt «f • M« irUI M «UM « M« iUI »III «mir.   VM ihowli «l««n 

%rr  UM  »J*»*   IM IUI MMlftg  lOOdlf Mi Cl«Ml>  M IMl   t  CM MAT  fO* 

«U CM   M^«^  BpHkt «ytlM. 

TM fMft *   «U iUI« U frM I00->00.    MfOM you iMi « M« «IM 

of iUI I «Mil pro)Mi « «MpU of ll M IMl you CM fMl UriM yourMlf 

with It.   On OMh block of trUU thoro will M olght pMctic« trlolo to 

Mieh you should Mtpood M u«u«i.   Aftor tM«« «ight M thAll stArt in 

proper.    You will AArn «xtr« p«y for «oeh correct rooding that you nnk« 

ond you will 1O«A credit for «och error you «eke, to pleMe try end be AS 

bl 
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Mcurfttt M pMtlbU.    lummmbmr Nfor« Moh YrUl to flMt« th« POM of 

Mt«rl*lif.   fUM« 4o net nev« th« otetr durlnt th« «^«rtaMti I tliould 

lit« your tyM to r*mi* • eoiMt«it 4Ut«M« fro» tM MrtM If poMUU. 

flMM MM 4 rttpWM M MOH trl«l «PM If yM IMW t« fWM «M Of tu» 

IkTM 4l«ll«, Mi 4iMf MU UM totl fMW piMtM« ■ «0« «IU Iwlf 

■if»»   If <** iMi» It «Mr fxmy «r MI •# fMM ^IMM Mil M« 

IM Mf «Mat &• 1*1« «MarMHMl   I» MMMty.    Mf fMMlM«* 

jMiMB i| 
fMM «M tMM pin« M l%U MfMlMM.     t M4U Mt! 9M «M l»> 

• ir«c<;<4M «o •»ci. ^#»4 •«^«r«<«it.    AM«»  } M«» MÜ fM IM iMfyv^**.* 

fa«   <*•  r;»*«  (««M  M «MM  t^ <»««  MM.     HhMk. r«» Mm fUJ«*** ^M« 

HTI   I M*ll fMi fM IM iMirwilMt fM IM MMM $*% «AIM M M*il 

MM rM, Mi f iMUy I M*U MM fm Um lMin»n MM Nr IM UOyi 

fmr*  «M M M4U fM IM«. 

nr»< M»< »o^^^uafc^.^nu pan «f IM M^MIMM U M «Miy IM 

MlMiflf «llk MlM Mi M» MM • iUI fM« MlM U fcrur;? ••v—' 

At tM turf of «Mb trUI yM «IU OM « M« of MtorlOMi iMo U 

• Mroloc «M« tM pleMM of tM dUI «III follow «looit iMMIttoly. 

You Mould flMM thU M« M tM iUI will jpnw la MOM« tM MM 

pMltlM Mi tbtt «III MMIO you to roM It ooro «coanttoly.   Tho dUI 

«111 tt«y M tM MTOOO for l.S MC.   Af««r tM il** MP*4r« your toik 

It to roM off tM 3-dlglt ruM«r which It M tM dUI foM.    You «111 

h«vo about 10 MC In which to do this and Minx MfoM • row of MtorUM 

will one« «gain «pponr iignnlllng th« start of « now trial on which « now 

iUI will appear.    You should always try and spoak tM dial reading loudly 

and clearly so that I can hear you via the two-way speaker syste«. 
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Th*r« «r« %tm* dlffwrMi dUl f«««» which «*« HMU «MI« eontiiiutint 

%hr90 hUch« of irUU.   tofor« you rMd • MM kind of dU4 I thAll pro)»ii 

• MM^A« of li to in«! tPm MH f«»ilt«rlw ^owrMlf «tih If.   Th» rti* •• 

«it dt«to U hw» >0»-i00,   te «NU hlMh «f trUi« %mr* «tli »• «l#ii 

pMcilM irUI« %m <*t«ft «•• thMid rMfMd M «»Ml*   Ar««r «»*•« «MM 

«• •***! *•#!• in« i«*« »«ri#«*    f«« «III ««r« «fir« Hf t** «M* ifftll 

rttdlaf ,,l*, t*» *•»• «M y«« •HI  !**•  ^««t;«  r^ ««c*  ««t«^  r«» ««»•. 

«• pi«*** irt «M M «« if««r«f« «• p«««!»!*.   •mnmMm !•»»♦• «M«, irUI 

i» ri«M« <»• ♦"*» «r ♦•i»ri*»».   *v*—* ♦• •«< «•«• «*• «MI* ««mm «•• 

•«»«ri«!«*! t* t ■«■»id lit« fmr 99m i« ri—i« • ««M«««! dl«i«Mw In» 

ift« urti« II pMftltr«.   n««M «Wh« « f%**— m mm irUt «••• If y«« 

«§«• I« #*»•• «M «f IM Ihr«« dlflf«« «M «iMrr* *•»« ««« h««l #»••• 

f«ftkl»t« • ihl« «III h«tt yMr «car«.    If Ift« iMf« I* «MT rw««y «r ««1 

«# f«M« «1 «ay il«« d«rl«t **» •«»•<■ 1*^.1 f I*«*« i«ll •• «M t »Mil 

r«f«M« ll*   t*<N»*c«r «ftt Mi ilkl«t I« ml« M9«rt«««l I« ««MTftcy*   toy 

fKMtltMf 

;fc.»ir>,<.'.iaft> ^ tt« »««oM ^yi.-"ThU p«rt of xhm Mpwrlawai I* «• 

study how M«U on« e«a tmmt&t rMdlnf* I*1«111 dlff«r««i dt«l f«c«« «MMO 

doing MMthlnt «I««. 

At tlM tt«rt of ««eh tri«l you will to« tho word "roody** pro)oet«d 00 

th« ftcr««o| 'hi« ift « wornint that « picturt of tho dUl will follow «laott 

iMMdi«t«ly. You should flMt« th« word "iMdy" b«c4u«« th« di«l will 

appasr in «bout th« S«M position on th« scr««n «nd this will h«lp you 

to rood it corroctly. Th« dial will stay on tha scra«n for l.S sac. 

Inmadi«taly aftar tha dial disappaars a iattar of tha alphabat will appaar. 

Your task than Is to bagin immadlataly to racita tha alphabat backwards 
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laudly tn4 elMrly, •t«riln< with th« Utt«r th«t you ••• («.f., if you 

••• it* Un«r M you •DeuM My N, 0, f, C, «t«.).   If you eoa* to tlw 

l^flMlog «r «Do oAphtfctt yoo ihooU go to IIM totf «M •«•n ro«lit«g ttok- 

«4r>4* «tf«»o (o.t«t If yo« too il» loiior I yo« ilwiti My •» At B, T, », ott.l, 

t-» »iionU «ry iM io ml« M M«roioty «ai « ftti M poMl^lo mi MooM 

^Mila«» rMliI^ IM «tHoMi ooilt yo» MO « roo of m%mUtm of «Moll 

« IM yo« «Mttl4 fMoil <*« r*Ml^ fyo» IM 4lot fMO,    tl to otoo iM«r««»« 

«o roMll IM ilol roi<lat M MMrn«lt •* »«•♦IDIO.   loo «til oan 

Hf lor oo«o MiTooi MMU IMI yoo MOO Mi yM otU IOM poy for 

«vyor.   Af«M «M roo of «»«ortofeo Mt OOM m fm otu MM to Mt to MtoO 

M MOOtl IM «Ul fOMlOl Mi fttM MfOM «M wmM "^oMr* MHMM «* M*i* 

• llPkOttl^l «M tlOM «f t OM «riot M «MOt 0 «M iUt fOM Oti O OM 

loiior of «M ttfttttt «lit tppoor. 10« tlwoli ttw^ri try toi tpto» IM 

ilol rooilM loMty oti ototrty M IMI t OM tttr yoo «to IM too «ty 

!**«« «rt OOM oftlt, ttroo ilrr*r*ti< ilol ftMOv M thoro «tU M 

«HTM blocks of rrUU. I »toll M tMilof two Mil you noMiitr tho ilol 

Maiingi oftor throo ilfforooi ItogiM of IIM. SOMIIOM you will roclt« 

«M olpMbot for S MC Mfor« rocolllot tM ilol roMlntt «coatIOM 10 MC 

and MMtlM« 20 tM. This tlM will M v«rl«i fro« trUl to triol. Tho 

rongo on «11 tho dlolo is fro« 100-300. You will hovo noticed that on 

tho "clock-facoH diol tho tcolo it fixod whil« th« pointer moves round, 

to that whon th« pointer it on th« right-hand side of the dial th« 

r«ading muat be between 100 and 199. With the "bathroom scales" the 

pointer stays fixed and the scale moves past the open window. You can 
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•iMtyt %«• IMO ****** «A4 IIM AuMN»r« iAer««t* fro» Uft to right.   Veu 

tttli *••• rt«UM4 IMI  IIM 4l§tl«l «OMKlAf «lllIU« ftM OllMT 41«4t flVM 

fM It« riMl 4ttll •! !«• >-4titi AtfiMr 4lr««Uf. 

<* «Mft klM» «t uui* «• «Mit *•«• i«» K««<I«« irUU m4 %*m m 

••»«II »«ft« u« Met MT!««.   itfor« ••««» *l«c* «f <rUI* t «««11 «to* 

«•• « ««^1« «T I*« «ft«  °f 4l«l «»Mlk «• »MU »•• «•!«# «ft Ifeftt |.|«9ft 

•f irl«t«.   >;•••• *<*>> • »• •,. »••i*HMt «ft ««A irlftl •••ft If f«ft mm 

%m 9mm «M ftf It« WTM 4lfll«t «i «Iftftr* ••»•  <*<• t«« fHfttft fMtIM« • 

Hit« «114 ftftlf fmm Mtr«.   twiMir ift» »•» t^lftf I« m** «#«1« «ttwrtftf« 

It I« ««fy tft>«riii i« r«cli« ift« ■if«mi «• f««i «• y«« «M «IIIMI 

«Mftlat «UMNft* 

iHiif+ci;^*  ^ <»^ <» >K ^.»i-<.-■"*■ U p**m   :• •••«K<i«;i# |lw Mft« «ft 

IM fir« 1 pin I A iA«f yoft «»111 ••• « r«w of ««larl«!»« ««4 IAM « 41«! f««« 

HhleA you «MI rft«4 «• «eeur«iftly «• po««tAI«.   Mt tA«ll A««« iftro« «AMI 

bioeli« of trl«Ut oo« for ««ch typ« of 4l«l «lih AO proeile« irUlt. 

DcpTlwnt  Mi (Sp«iUl Croup) 

Th«r« «r« tvo p«rts to this •xp«riMnt «od you will r««d th« instructIOA« 

to ««ch part separately and than do that part. 

Instructions to the first part.—At th« start of «ach trial you will 

se« a row of asterisks projected on the screen in front of youj this is 

a warning that a picture of a dial will follow almost immediately. You 

should fixate this row as the dial will appear in about the same position 

and this will enable you to read it more accurately. The dial will stay 

on the screen for 1.5 sec. After the dial appears your task is to read 

aloud the 3-digit number which is on the dial face (i.e., the dial reading). 
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You will IMP» «bout 10 MC to te tHU «d r«UM b«for« • row of MtorUlit 

Mill OMO «itlo tppoor tlpoUlM <*»• it«» of • MO ttUi m «Hlob • M« 

4U1 «III tpmr»   too iMoM otMMyo tfy «4 tfoob Uw 4U1 roo4l^ looiiy 

«M nloorlf «o IMI I o« iMflP fw oU UM n<»-»<y •»<**••♦ »T*<«i 1« ffto mm 

Tftoro or« iftroo «IHWMN tfUl AMM «ftkft ot tfMU Mtl« «ftfttilioil^ 

iftroo »too*« of irUto.   itfwo yw rftt4 • mm %U* of 4UI I fftoil pmjmx 

* «ft^lft or H to iftft« too •« r«ftlliftrlao yo^oftlf olift H.   Yfto ro^o o» 

«It ifto «Utft I« hm 1»^- *i<.   Oft mm MoA ftf «rUU iftor« «HU »o loft 

pfftftf loo frlftlft M oftloU yoo UMIM f>o^«i ftt oooftl«   U%m HMM tot «• 

*>N«n MtfiA ih» IMI •mi— **uh. «m eoMUi of «igM f^tftor trUlo.   To» 

oiu odro ofttrt ptf for oooft oorroet rooAlag tftot yoo HM ftfti yoo vlll laoo 

pay for ooeo orror« to plooao try «4 bo ftt •oowraf ft« p«—liU«   At tft« «■< 

of ooob «lock I »11*11 |«U yoo boo M«11 yoo dl4 OO tb««o trUl«.   9mt*m 

boforo oocb trUl to fl««t« tb« row of ««t«rl«k«.   fl««»o do oof oevo tb« 

choir during tb« «itp«rIo«ot «• I «bould llbo your «yoa to r—iln « «««•t«Bt 

dittonc« fro« th« tcroMt throughout th« »»porlarat If possiblo.    ThU OMM 

thot you should «dopt «n upright sitting position snd try «nd ks«p thst 

w«y during th« sxpsrlnsnt. 

Plssss make a response on »ach trial »v»n If you hav» to guass on» or 

more of th» digits, and always make th» b»st guess possibl» as this will help 

your score.    If the image is ever very fuzzy or grossly out of focus at any 

time during the experiment please tell me and I shall refocus it.    Remember 

that the key thing in this experiment is accuracy.    Any questions? 

Instructions to the second part.—At the start of each trial you will 

see the word "ready" projected on the screen; this is a warning that a 

picture of a dial will appear in about the same position on the screen 

and this will help you to read it correctly.    The dial will stay on the 

■      ,   . 
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•er««« for I.I Mc «d one« «#itA you ttwuM rMtf «Und ih# Kdtfli nuabsr 

M in« 4UI fM«.   V«tt IIIOMK fry «M 4« mit M fMf m4 M Metiroftly 

•* |n*«i»t* !-»#*•«• i«MHNli«i»ty «Mar in» 4U4 itnypun • l«ii«r of in« 

•ti.A^iH»< «ill tppur.   TMo «lit I« M ooltioo lonor oM oi ooo of i»o 

iorooi% IMCO #111 io o ototo ^of oM m orroo ^oloilog »» *** dlrocil« 

of « oi)o«oM oUto of »■!• toivor.   mo» uw loiior «oooo oo yoor too» 

to io locoio IM opoiv oofo «M ilfooiloo of too orroo mt IMO yoo IOOOH 

tfooo oof olooi iho lottor, oiontof of »oo MTOOT «*•*• too opof It ooi 

lolot Io f»o Olrocfloo of fo» orro».   Too OIMOM n^too oof foo loffor folog 

fro» ooroor fo eonwr if oolof ilrocf looo of ft» ooopooo.   foo t*ool4 «to 

• IgjKi   <*0ip*m% 41rocf looo Io till    It t« K, «« Wl, Kt tV, OBi «.    4tt«RO 

mof ooy OIO0MOI yoo ooof It oloot fl» •♦• Mr» ll.o.t •», «, t», or U). 

Ntro Io «o oon^lo.    If yoo OM fblt loftor yo« oMolO toy oloMi   »t t. 

tct i, t, i, M, mt t, *. 
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MIMA you «rriv« b«cli «i th« comer at »ihleh you tl«rt«d, you should rotat« 

iho fifuro »o* «:Uc>uito «bout ihot point and OMO «§tU trooo out th« figuro. 

UM« ttltl» tlw «bout iottor you •heuld ttiao Myi C9 t, Mt C, I, tf, M, MC, 

It «rt i. UM you fUtaH tfeU rotot« in» ftfwo « funiMr •«• olodntlM 

Md «tori «#•!«. 

VM »iouM »tort troclof out tno Iottor tunudtotoly ofior yoo IMVO road 

tiw 41«! «od do tnlt M dudurdtoty dod m tm% m pdddUld. If you follou 

tMoo iMtmotlood, !•••« tot rl#t In dod do dd onU dd yoo odd dd «to 

trdfl^ you ulU doudlo your pdf Nr mid pdPf of tto •t**im*i,   Voo dlMl4 

coot loon tlw yottnm of trnciot ••«• rototlot, troelog out» old. until yon 

•oo « rou of dntorlnko nt ufcloli tlno r*» »»**ld try did roonll dloud tno 

roddlng fmo tnn dlnl fneo. Aftor «no mu of dotorlnio ddd un« un yon 

«III Muo Id noe In unten to roonll tnn dlnl roddlnf nod mUa dofnro tnn 

wor4 "V^^y* «onot on nfnln nlpMUtng «*• ttnrt of d nou trlol un «hldfc • 

nnu dlnl rondlnt und n nnw Iottor of tnn nldhadnt ulu dp^nnr. Tun mould 

nluoys »ponk loudly nnd elonrly no tnnt t nan hour you «U xhm •p****t  «r«!«». 

Thorn nm uoen «fnln thron dlfforont dUI fneon, no thnrn «III bo 

3 bloekn of trlnln. t nhnll bn nnklng you to roonll tbn dlnl mndtnt» 

nftnr throo dlffurunt longthn of ilou. toontlano you «III trnnn out tbn 

luttnr fur S sue bufuru rucnlllng thu dUI rundlngt nuontlann 10 nne 

and aooutlM» 20 auc. This tlaa «111 bu unrlnd frua trial to trial. 

Thu rangu on all dials Is fro» 100-300. Tou «III hauu notloud thnt on tbn 

"clock-fac«" dial tha seals is fixad whils tha pointar oovua round, ao that 

when the pointer is on the right-hand sids of tha dial tha reading nuat ba 

between 100 and 199. With the "bathroom scales'* tha pointer stays fixed 

• 
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«nd th« «c«lt MOVM pMt th« open window.    You c«n «Xwayt ■•• two nunbort «nd 

fht nuHbor« IACTOM« fro« Ufi to right.    You will ta* r««ltMd th«t unliko 

tM othor two dUl« tM diflul eountor gtvot you th« fiMl digit of tho 

J-dlglt wmtwr dtroctly. 

Oi «Mil blooli of trUU «t tlMU tevo mo proettM trUU «nd tM« wo 

•noil Mfto IIM toot tor too.   loforo ooob Mook of trUU I thoU oliow you 

• MI^I« of flM typo of 4U1 «Moll «o «IMU bo mU* m tb«t bioe» of trUU. 

Pt«M0 mttm • r««4U t«.J.u*oo «• «Mb trUI «M «Itbl« tbo 10 ooe portod 

oltottod.    It ««*• ft«« «•ti««' If ym* riM «not yo« bm to fiin «M «r «««• 

«it of tbo ibv«« 4lclu • )««i «b« lb« b««t §mm tb«t yo« «««.   Ubttb« 

to ft* fIro« b«rt of Uw ■^irlint I tb«At «M bo f«UI* y«« «I tb« «ad of 

««ab btotb b«« «Mit yo« b««t doao «• ib«i btoob.   aMMbor lb« boy tbtat I« 

«M« «gbto ■■■■■■!.   Itry fm b««t to t««e« tb« i«tt«r ««t M f««t «• yo« 

««• wltkoot ««»log «it«t«b«o.   bay g«o«tt«a«V   OM tblag t« i■«■ we*r ot«o 

to tbot t tbootd ttb« yo« to loop y««r «yo« «■ lb« «or««« «t «tt ttoo« 

!l«tly WM« yo« «ro troslag o«t tb« tottor M cb«t yo« «t«p «ad root It 

fidlbt «• «««• «• tb« «•t«rt«b« «oao «a.   mf 

to«trwctloft« to tjfaorlooot  lit (boo-lpotUi aco««) 

Tbor« «r« mo p«rt« to tbl« «aporlooat «ad yo« will rood tbo ta«tractl< 

to ooob port ■■p«r«t«ty «ad tboo do tbot part. 

lostructlooo to tbo fir^t p«rt.«^bt tb« ot«rt of ooob trial yo« will 

— « row of «otorUk« pro)«et«d oa tbo oerooa la froot of you» tbl« I« « 

worniog th«t « pletur« of « dl«l wilt follow «tae«t laoodl«t«ly.    You 

•bould flMto tblo row «« th« dUl will opp««r la «bout tho •««• petition 

wd this will onobl« you to rood It «or« «ccuramly.    Th« dial will ttoy oa 



tlM tcr««« for 1.% MC. Arttr «IM 4U4 nt*«^» ymr «Mli U to rmi «loni 

lb« 3«4iglt nuMMr wtilch It M tlw 4U1 foM Ci.t.9 «l» 4UI rMdl^l. To« 

«fill IMV« «bout 10 MC to ie «HI« «ad roU» bofor« « ron of «oiortoho vlU 

one« «ftin «ppoor ttifMllU« IN* »(«r« or « M« «rlol oo «Moll • MM» 4lol 

Mill «ppMr. You «1)0014 «lM«y» try ma  •^•o» «bo 41*1 roi4Ut loodly Mi 

cloorly so «bot I CM boor yoo «U «bo mo *&f tpoilor tyotoa la «bo coroor. 

Tboro oro tbroo «Ifforoo« 4U1 foooo «blob «o oboli too«, «ooo«l«««l^ 

thro« block« of «rUli. loforo you roo4 o o«w kla4 of 41ol t «boll projoot 

o «oaplo of It «o «bo« you ooo foalllorlM youroolf «lib I«. Tbo rabfi o» 

oil tbo diol« lo fro« 100-100, Do oocb block of trUio üMTO «LU bo two 

proctic« triols to wbieb you «boul4 rtipood oo uoool. Af«or «booo ««o «o 

•boll bogin tbo toot oorloo «bleb «111 cooolot of ol^i« furtbor «rlol«. 

You Mill «om «xtro poy for ooeb eorroc« rood log «bo« yo« uobo ood you 

Mill lo«« pay for oocb orror, to ploooo try ood bo oo oocwoto oo pooolblo. 

At th« «nd of ooeb block t «boll coll yo« bow «oil yo« 414 oo tbooo trlolo. 

R««««b«r d«foro oocb trlol to fIJI««O tbo row of oscorloko. floooo 4o oo« 

■ovt th« choir during tb« oi^orlooa« •• I «hould Ilk« your oyoo to rowalo 

o conotant dl«t«nco fro* tbo «cr««o throughout tbo oaporlooo« If poo«ibl«. 

This ««on« «hot you «hould odopt oa uprl^it «Ittlog pool«loo ood try ood 

k««p thot «ay during th« «iip«rla«ot. 

Pl«a«« oak« a roopoooo oo ooeb trlol ooao if yo« bovo to guooo oo« or 

mor« of th« digit«, and alway» ooko tb« boo« guo«« pooolblo oo «bi« «111 help 

your scor«. If th« laag« I« ««or «ory fussy or groooly out of foeuo ot «ny 

tl«« during th« «xporiwtnt ploooo toll M ood I shall rofoeuo it. 

that th« k«y thing In thl« «xporloaot I« «ecuroey. Any quo«tlon«7 
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t—inictl«im to tlw MCOBd part."At tht •tut of oaeli trUl you »#111 

too tlM «ford "rMtff" proJoetod eo tht scroMt thli U « warning that a picture 

of a dial «111 appaar aiaoat laaadlaifly. You should fliiata tha word «Vaady" 

baMuaa tha dial will appaar In about tha MM pMltlon and thii will halp 

you to raad It earraetly. Tha dial will stay on tha sertan for l.S MC and 

aMa aftla you should raad al^ad tha )-dlgli ntad>ar on th« dial fac«. You 

should try and do thta aa fatt and M aeeurataly aa pMaibla bacausa iHwdlataly 

aftar tha dial dladppaara a lattar of tha alphabat will appaar. Th« lattar 

will stay on tha aeraan for 2 MC. Your tMk than 1* to bagln laMdiafly 

to roctta tha alphabat baefcwarda loudly and claarly, starting with th« l«tt«r 

that you «aa. to tar aanpla. If you SM tha lattar H you should say: 

H( 0« r, Ct ate* If you ooas to th« beginning of th« alphaMt you should go 

to tha and and starting racltlng backwarda again («.g.» If you s«« th« letter 

• you should sayt Bv A, Z, Y, X, ate.). You should start reciting th« 

alphabat bachwarda M soon aa you hav« raad th« dial fac« and you should 

try and do this as faat and M aeeurataly as possible. You will receive 

•atra pay If you follow these instructions and you can doubl« your pay for 

this part of tha aaparlnant if you do this well and set right in reciting 

aa fMt and M aeeurataly as you can. You should continue reciting the 

alphabet until you see a row of asterisks at which time you should try 

and recall aloud th« reading from th« dial fac«. After the row of asterisks 

hM cos» on you will have 10 sec in which to recall the dial reading and 

relax before the word "ready" comes on again signalling the start of a 

new trial on which a new dial reading and a new letter of the alphabet 

will apfiaar. You should always speak loudly and clearly so that I can 

haar you via the speaker system. 
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There are once again three different dial faces, so there will be three 

blocks of trials. .1 shall be asking you to recall the dial readings after 

three different lengths of time. Sometimes you will trace out the letter 

for 5 sec before recalling the dial reading; sometimes 10 sec and sometimes 

20 sec. This time will be varied from trial to trial. The range on all 

dials is from 100-300. You will have noticed that on the "clock-face" 

dial the scale is fixed while the pointer moves round, so that when the 

pointer is on the right-hand side of the dial the reading must be between 

100 and 199. With the "bathroom scales" the pointer stays fixed and the 

scale moves past the open window. You can always see two numbers and the 

numbers increase from left to right. You will have realized that unlike 

the other two dials the digital counter gives you the final digit of the 

3-digit number directly. 

On each block of trials we shall have two practice trials and then we 

shall begin the test series. Before each block of trials I shall show you 

a sample of the type of dial which we shall be using on that block of trials. 

Please make a recall response on each trial and within the 10 sec period 

allotted. It does not matter if you find that you have to guess one or 

even all of the three digits—just make the best guess that you can. 

Unlike in the first part of the experiment I shall not be telling you at 

the end of each block how well you have done on that block. Remember the 

key thing is once again accuracy. Try your best to trace the letter out 

as fast as you can without making mistakes. Any questions? One thing is 

to remember also is that I should like you to keep your eyes on the screen 

at all times especially when you are tracing out the letter so that you 

stop and recall the dial reading as soon as the asterisks come on. OK? 
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Experiment IV: Part 1 

There are two parts to this experiment; you will read the instructions 

to each part separately and then do that part. 

Instructions to the first part.—This part of the experiment is to 

study the accuracy with which one can read a dial face which is briefly 

exposed. 

At the start of each trial you will see a row of asterisks; this is a 

warning that a picture of a dial will follow almost immediately. You 

should fixate this row as the dial will appear in about the same position 

and this will enable you to read it more accurately. The dial will stay 

on the screen for 1.5 sec. After the dial appears your task is to read 

off the 3-digit number which is on the dial face. You will have about 

10 sec in which to do this and relax before a row of asterisks will once 

again appear signalling the start of a new trial on which a new dial will 

appear. You should always try and speak the dial reading loudly and 

clearly so that I can hear you via the two-way speaker system. 

There are three different dial faces which we shall test, constituting 

three blocks of trials.  Before you read a new kind of dial I shall project a 

sample of it so that you may familiarize yourself with it. The range on all 

dials is from 100-300. On each block of trials there will be eight practice 

trials to which you should respond as usual. After these eight we shall 

begin the test series. You will earn extra pay for each correct reading 

that you make and you will lose credit for each error that you make, so 

please try and be as accurate as possible. Remember before each trial to 

fixate the row of asterisks. Plssse do not move the chair during the 
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experiment as I should like your eyes to remain a constant distance from 

the screen if possible. This means that you should adopt an upright position 

and try and keep that way during the experiment. 

Please make a response on each trial even if you have to guess one 

or more of the three digits, and always make the best guess possible as 

this will help your score.  If the image is ever fuzzy or grossly out of 

focus at any time during the experiment please tell me and I shall refocus 

it. Remember the key thing in this experiment is accuracy. Any questions? 

Instructions to the second part.—This part of the experiment is to 

study how well one can remember readings from different dial faces when 

doing something else. 

At the start of each trial you will see the word "ready" projected on 

the screen; this is a warning that a picture of a dial will follow almost 

immediately. You should fixate the word "ready" because the dial will 

appear in about the same position and this will help you to read it correctly. 

The dial will stay on the screen for 1.5 sec.  Immediately after the dial 

disappears a letter of the alphabet will appear. Your task then is to 

begin immediately to recite the alphabet backwards loudly and clearly, 

starting with the letter that you see (e.g.. If you see the letter H you 

should say: H, G, f, C, etc.). If you come to the beginning of the alphabet 

you should go to the end and start reciting backwards again (e.g., If you 

see the letter B you should say: B, A, Z, Y, X, etc.). You should try and 

do this as fast and as accurately as possible and should continue reciting 

the alphabet until you see a row of asterisks at which tiae you should 

recall the dial reading as accurately as possible. You will earn extra pay 
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for each correct recall that you make and you will lose pay for each error. 

After the row of asterisks has come on you will have 10 sec in which to 

recall the dial reading and relax before the word "ready" comes on again 

signalling the start of a new trial on which a new dial face and a new 

letter of the alphabet will appear. If you want to change your mind about 

the number which you recall you may do so within the 10 sec and I shall 

accept the last number that you give to me. You should always try and 

speak the dial reading and alphabet loudly and clearly so that I can hear 

you via the two-way speaker system. 

There are once again three different dial faces, so there will be 

three different blocks of trials.  I shall be testing how well you remember 

the dial readings after three different lengths of time. Sometimes you 

will recite the alphabet for 5 sec before recalling the dial reading; some- 

times for 10 sec and sometimes 20 sec. This time will be varied from trial 

to trial. The range on all dials is from 100-300. You will have noticed 

that on the clock-face dial the scale is fixed while the pointer moves round, 

so that when the pointer is on the right-hand side of the dial the reading 

must be between 100 and 199. With the "bathroom scales" the pointer stays 

fixed and the scale moves past the open window. You can always see two 

numbers and the numbers increase from left to right. You will have realized 

that the digital counter unlike the other two dials gives you the final 

digit of the 3-digit number directly. 

On each block of trials we shall have two practice trials and then we 

shall begin the test series. Before each block of trials I shall show you 

a sample of the type of dial we shall be using on that block of trials. 
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Please make a recall response on each trial even if you have to guess one of 

the three digits; and always make the best guess possible—this will help 

your score. 

Remember the key thing is once again accuracy.. It ia very important 

to recite the alphabet as fast as you can without making mistakes. Any 

questions? 

Experiment IVj  gart 2 

There are two parts to this experiment; you will read the instructions 

to each part separately and then do that part. 

Instructions to the first part.—This part of the experiment is to study 

the accuracy with which one can read a dial face which is briefly exposed. 

At the start of each trial you will see a row of asterisks; this is 

a warning that a picture of a dial will follow almost immediately. You 

should fixate this row as the dial will appear in about the same position 

and this will enable you to read it more accurately. The dial will stay 

on the screen for 1.5 sec. After the dial appears your task is to read 

off the 3-digit number which is on the dial face. You will have about 

10 sec in which to do this and relax before a row of asterisks will once 

again appear signalling the start of a new trial on which a new dial will 

appear. You should always try and speak the dial reading loudly and clearly 

so that I can hear you via the two-way speaker system. 

There are three different dial faces which we shall test, constituting 

three blocks of trials. Before you read a new kind of dial I shall project a 

sample of it so that you may familiarize yourself with it. The range on 
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all dials is from 100-300. On each block of trials there will be eight 

practice trials to which you should respond as usual. After these eight 

we shall begin the test series. You will earn extra pay for each correct 

reading that you make and you will lose credit for each error that you make, 

so please try and be as accurate as possible. Remember before each trial 

to fixate the row of asterisks. Please do not move the chair during the 

experiment as I should like your eyes to remain a constant distance from 

the screen if possible. This means that you should adopt an upright sitting 

position and try and keep that way during the experiment. 

Please make a response on each trial even if you have to guess one or 

more of the three digits; and always make the best guess possible as this 

will help your score.  If the image is ever fuzzy or grossly out of focus 

at any time during the experiment please tell me and I shall refocus it. 

Remember the key thing in this experiment is accuracy. Any questions? 

Instructions to the second part.—At the start of each trial you will 

see the word "ready" projected on the screen; this is a warning that a 

picture of the dial will appear almost immediately. You should fixate the 

word "ready" because the dial will appear in about the same position on the 

screen and this will help you to read it correctly. The dial will stay on 

the screen for 1.5 sec. Immediately after the dial disappears a letter 

of the alphabet will appear. This will be an outline letter and at one 

of the corners there will be a black dot and an arrow pointing in the 

direction of an adjacent side of the letter. When the letter comes on your 

task is to locate the spot, note the direction of the arrow and then you 

should trace out aloud the letter, starting at the corner where the spot is 
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and going in the direction of the arrow. You should trace out the letter 

going from corner to corner by using directions of the compass. You should 

use eight compass directions in all, N, S, E, Wf NW, NE, SW, and SE. Assume 

that any diagonal that you meet is along the «+5° mark (i.e., NW, NE, SW, or 

SE). Here is an example. If you see this letter you should say aloud: 

N, E, SE, N, E, S, W, NW, S, and W. 

When you arrive back at the corner at which you started, you should rotate 

the figure 90° clockwise about that point and once again trace out the figure. 

Thus with the above letter you should then say: E, W, SW, E, S, W, N, NE, 

W, and N. When you finish this rotate the figure a further 90° clockwise 

and start again. 
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You should start tracing out the letter immediately afLer you have 

read the dial and do this as accurately and as fast as possible. You should 

continue the pattern of tracing out, rotating, tracing out, etc. until you 

see a row of asterisks at which time you should try and recall aloud the 

reading from the dial face. You will earn extra pay for each correct recall 

that you make and you will lose pay for each error so please try and be as 

accurate as possible. After the row of asterisks has come on you will have 

10 sec in which to recall the dial reading and relaz be.ore the word "ready" 

comes on again signalling the start of a new trial on which a new dial 

reading and a new letter of the alphabet will appear. If you want to change 

your mind about the number which you recall you may do so within the 10 sec 

and I shall accept the last number that you give to me. You should always 

speak loudly and clearly so that I can hear you via the speaker system. 

There are once again three different dial faces, so there will be three 

different blocks of trials. I shall be testing how well you remember the 

dial readings after three different lengths of time. Sometimes you will 

recite the alphabet for S sec before recalling the dial reading; sometimes 

for 10 sec and sometimes 20 sec. This time will be varied from trial to 

trial. The range on all dials is from 100-300. You will have noticed 

that on the clock-face dial the scale is fixed while the pointer moves 

round, so that when the pointer is on the right-hand side of the dial 

the reading must be between 100 and 199. With the "bathroom scales" the 

pointer stays fixed and the scale moves past the open window. You can 

always see two numbers and they increase from left to right. You will 

have realized that the digital counter unlike the other two dials gives 

you the final digit of the 3-digit number directly. 
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On each block of trials we shall have two practice trials and then 

we shall begin the test series. Before each block of trials I shall show 

you a sample of the type of dial which we shall be using on that block 

of trials. Please make a recall response on each trial even if you have 

to guess one of the three digits, and always make the best guess possible 

this will help your score. 

Remember the key thing is once again accuracy.  It is very important 

to trace out the letter as fast as you can without making mistakes. 

Any questions? 

. 



APPENDIX II 

TABLED VALUES FOR DATA CJ^ED  IN CHAPTERS III,  IV, V AND VI 

TABLE 1 

PERCENT READING ERRORS  IN EXPERIMENT I 

Dial Face 

Moving Scale Moving Pointer 

Exposure 
Duration 
(sec) 

0.75 1.0 1.25 

6 Female Ss 12.18 7.05 5.77 

6 Male Ss 5.77 5.77 3.85 

All Ss 8.97 6.41 «+.81 

0.75 1.0 1.25 

19.77 13.UB 5.77 

10.90 U.U9 3.21 

15.38     8.97    H.W 

TABLE 2 

PERCENT CORRECT RECALL OF DIAL READINGS FROM DIFFERENT DIALS 

AT DIFFERENT RETENTION INTERVALS - EXPERIMENT II 

Retention Interval (sec) 

5 10 20 

Dial Face 

Moving Scale 57.3 56.8 U9.0 

Moving Pointer 70.3 57.3 U8.I+ 

Digital Counter 65.1 70.8 56.8 

71 
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TABLE 3 

PERCENT CORRECT RECALL OP READINGS FROM THE VARIOUS DISPLAYS - EXPERIMENT III 

Spatial Interpolated Task 

Retention Interval (sec) 

5 10 20 

Moving Scale 67.«♦ 5«*.2 

Moving Pointer 69.4 56.9 

Digital Counter 76.U 61.8 

45.8 

54.2 

59.0 

Non-Spatial Interpolated Task 

Retention Interval (sec) 

10 20 

Moving Scale 63.9 50.7 

Moving Pointer 66.7 58.3 

Digital Counter 66.0 57.6 

39.6 

46.5 

54.9 

■ ■ 
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TABLE 4 

PERCENT CORRECT RECALL OF THE READINGS FROM THE VARIOUS DISPLAYS - EXPERIMENT IV 

Non-Spatial Interpolated Task 

Retention Interval (sec) 

5 10 20 

Moving Scale 50.0 

Moving Pointer 55.21 

Digital Counter 72.92 

41.67 

U0.63 

61.46 

37.50 

53.13 

55.21 

Spatial Interpolated Task 

Retention Interval (sec) 

10 20 

Moving Scale 67.71 

Moving Pointer 66.67 

Digital Counter 69.79 

51.04 

62.50 

61.46 

44.79 

52.08 

62.50 



/<♦ 

TABLE 5 

ERROR CLASSIFICATION DATA OBTAIMED WITH THE DIGITAL COUKTER 

Exp«riMnt   II 

Retention Interval (sec) 

b 10 20 

3 0 3 

H 5 9 

19 21 21 

12 12 1«4 

29 18 36 

s 
N 

L 

Experiment  III 

Retention Interval (sec) 

10 20 

Spatial Inter- 
polated Task 

V, 0 
1 

V. 3 
2 

s 13 

M 6 

L 12 

Non-Spatial 
Interpolated 
Task 

vi 
0 

V„ 3 
2 

s 21 

M 16 

L 9 

1 

3 

11 

20 

20 

2 

7 

16 

1U 

22 

0 

3 

17 

13 

26 

1 

2 

23 

18 

21 
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TABLE 5 (ContimMd) 

WWH CUSSIflCATION DATA OBTAIMCD tflTM THE DIGITAL COUHTC* 

Dcpritnt   IV 

R«t«ntlof) Interval (t«c) 

10 20 

Mon-Spat Ul 
Int«rpol4t«d 
Task 

V, 
• 

: 
V2 
s 
M 

L 13 

SpatUl Int«r- 
poiat*d Task 

Vl 
V2 

12 

0 0 

5 5 

10 9 

2 6 

20 23 

0 0 

6 2 

8 11 

10 8 

13 IS 



APPENDIX III 

ANALYSIS OF VARIANCE FDR EXPCRINDTTS I, II, III AND IV 

TABLE 1 

ANALYSIS OF VARIANCE FOR THE SQUARE ROOT TRANSPORNATION 

OF THE NUMBER OE READING ERRORS - EXPERIMENT I 

Sourc« of Variation df m 

Dial Eaca 

Error for Dial raca 

Expoaura Duration 

Error for Expoaura Duration 

Dlala x Expoaura Duration 

Error for Dlala x Expoaura Duration 

0.7* •».63* 

11 0.16 

2.2S 11.2$*** 

22 0.20 

0.H2S 

22 0.2HS 

• ^ < 0.1 

•** j^ < 0.01 

TABLE 2 

ANALYSIS Or VARIANCE EOR ERROR DATA    * * 1/2      - EXPERIMENT II 
R ♦ L ♦ 1 

Source of Variation df MS 

Dial Faca 0.69 17.25«'«* 

23 0.0* 

Ratantlon Intarval 0.01 

Error for Ratantlon Intarval 46 0.05 

Dial Eaca x Ratantlon Intarval 0.05 1.02 

Error for Dial Eaca x Ratantlon U6 0.0*9 
Intarval 

*** £ <  0.01 
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TABLE 9 

I 

N ♦ L ♦ 1 
ANALYSIS OF VAftlANCC FOR EKHOF DATA    " * i/2        -  DCPOUNOrT III 

Sourc« of V«ri«tioo df 

B«twn Subjects 

Int«rpoUt*d T—k 1       0.06 

Subject« Mithin Groups 17       0.15 

Within Subject« 

Dials 

Crror for DU1« 

Di«l« x Intorpolatod Task 

Crror for Disls x Intsrpolstsd Task 

Kstsntion Interval 0.135     3.06** 

Crror for Rstsntion Intarval 

R«tantlon Intarval x Intarpolatad Task 

Crror for Ratantion Intarval x 
Intarpolatad Taak 

1 0.25 

3u 0.069 

I 0.01 

;«« 0.068 

7 0.135 

68 0.039 

2 0.025 

69 0.039 

•* £ < 0.05 
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TABLE U 

ANALYSIS OF VARIANCE FOR ERROR DATA 
M ♦ 1/2 

M ♦ L ♦ 1 
EXPERIMENT IV 

Source of Variation df MS 

Interpolated Task 

Error for Interpolated Task 

Dials 

Error for Dials 

Retention Interval 

Error for Retention Interval 

Interpolated Task x Dials 

Error for Interpolated Task x Dials 

Interpolated Task x Retention Interval 

Error for Interpolated Task x 
Retention Interval 

1 0.02 
11 0.0209 

1 0.85 12.UU*** 

11 0.069 

2 0.19 6.74*** 

22 0.028 

1 0.38 16.10*** 

11 0.0236 

2 0.005 

22 0.0218 

Dials x Retention Interval 

Error for Dials x Retention Interval 

Interpolated Task x Dials X 
Retention Interval 

Error for Interoolated Task x Dials x 
Retention Interval 

2 0.11 

22 0.0414 

2 0.01 

22 0.035 

2.657 

*** ^ < 0.01 

■ 
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